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improvement for PEEK anchors compared with titanium (p<0.001) or with PLDLA (p<0.03). These
differences should be considered in anchor selection by the surgeon and indeed by anchor manufac-
turers particularly if a similar pattern is replicated by other multicentre studies currently in progress.
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Background: Recently, there have been various surgical techniques seeking to preserve the rem-
nants of anterior cruciate ligament (ACL) in the knowledge that these remnant bundles play an
important role in graft healing process, proprioception preservation as well as biomechanical
stability. Surgeons try to preserve ACL remnants maximally for better clinical outcomes of
ACL reconstruction. But remnant preservation technique has a problem like poor arthroscopic
view to search for proper tunnel position. Therefore, we compared clinical results and tunnel
positions between splitting remnant preservation technique, non-splitting remnant preservation
technique and remnant non-preservation technique by three-dimensional computed tomography.
Methods: Between January 2008 and December 2013, 87 patients were enrolled with a minimum
of 1 year follow-up and a postoperative 3D-CT were retrospectively evaluated; 17 reconstructions
were performed without preserving remnants, 50 reconstructions were allotted in split group and 20
reconstructions were operated by non-splitting technique. In the splitting technique, the surgeon
made a longitudinal slit in the ACL remnant tissue using scalpel blade, and then placed the tibial
tunnel guide near the center of ACL footprint. But, in non-splitting technique, the surgeon place the
tibial tunnel guide at posterolateral area of ACL remnant and pull the guide toward center of ACL
foot print in order to preserve more remnant tissues. Quadrant method was used to assess the tunnel
location in 3D-CT. KT-2000 arthrometry and manual laxity test including anterior drawer test,
Lachmann test, Pivot-shift test were evaluated for the analysis of clinical outcomes. IKDC score,
Lysholm score, Tegner activity scale were utilized as functional parameters.
Results: Tibial tunnel position in anterior-posterior position was significantly different between
splitting technique group and non-splitting technique group (splitting vs nonsplitting group;
38.7± 11.1 % vs 44.9± 5.2%; p¼0.001). But, tibial tunnel position in medial-lateral position
and femoral tunnel position was not significantly different between the three groups. There
was no difference between three groups in terms of the clinical outcomes, KT-2000 arthrometry
and manual laxity tests.
Discussion and Conclusion: Tunnel position was different according to the methods of remnant
preserving techniques. The tibial tunnel was placed at a more posterior position in non-splitting
technique compared with splitting technique. Considering the anatomical positions from pre-
vious cadevaric studies, tibial tunnel tended to locate near AM bundle with splitting technique
while with non-splitting technique, tibial tunnel tended to locate near PL bundle tunnel. How-
ever, tunnel positions of both techniques were within anatomic position and both groups have
no significant difference in clinical outcomes. It may be necessary to understand that tunnel posi-
tions could change according to the remnant preserving techniques.
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Background: Anterior cruciate ligament (ACL) disruption is common among athletes and would
lead to compromised knee stability. ACL reconstruction (ACLR) surgery is often the recommen-
ded solution. After surgery, evaluation of knee function is desirable to determine post-surgery
recovery and readiness of return to sport. This may be achieved by static laxity measures using
KT-1000, but assessment of dynamic joint stability by motion analysis system would provide a
more objective and comprehensive evaluation of knee function [1]. Nonetheless, most traditional
motion analysis system requires multi-camera installation which restricts their use in clinical
environment. In this study, we explored the use of a portable and compact motion capture system
- Opti-Knee® (Shanghai Innomotion Inc., China), which provides rapid kinematic measurements
and is intended for clinical use. Tibiofemoral joint kinematics for ACL-deficient (ACLD)
patients during single-leg-hop task was recorded using Optiknee® system before and at different
stages after ACLR surgery to assess kinematic alterations.
Material and Methods: Five ACLD patients were instructed to perform five trials of single-leg-
hop for a 60 cm distance with both arms folded across chest before ACLR surgery and at 6 and
12 months post-surgery. Tibiofemoral kinematics was recorded using Opti-Knee® system, con-
sists of a portable workstation equipped with a high speed camera and two infrared cameras.
Eight reflective markers were placed on the lateral side of thigh and calf, to depict the location
and orientation of femur and tibia. Kinematic data for flexion/extension, adduction/abduction
and internal/external tibial rotation were obtained at 60 Hz throughout the entire motion task.
For data analysis, the period of interest is from initial contact (the frame when any part of the
foot touches the ground) to the end of force absorption phase (maximum flexion immediatelyafter initial contact). The average time period for multiple trials is calculated and subsequently
the trials were normalized. Average peak kinematic variable for injured knee and side to side
difference (injured-contralateral limb) of the kinematic data were quantified at several time
points (before surgery and at 6 and 12 months post-surgery).
Results and Discussion: Single-leg-hop is a common motion task to provoke and detect kine-
matic variations in ACLD knees as compared to contralateral side [2]. Three out of five subjects
exhibited shorter time to stabilization (period from initial contact to maximum knee flexion) for
injured knee after going through ACLR surgery. This observation is in line with recorded
decrease in maximum flexion for subject ACLD104, ACLD106 and ACLD112 after surgery.
Additionally, all five subjects showed increased external tibial rotation for the injured knee as
compared to contralateral side.
Conclusion: Overall, the subjects exhibited shorter stabilization time (mean change: -31%), less
flexion and increased external tibial rotation during single-leg-hop task in post-ACLR surgery
evaluation. These results also independently verified the findings presented in another similar
study conducted using dynamic stereo x-ray imaging [3]. Continuous study with larger sample
size (50 subjects) will be carried out to detect quantitative changes of kinematic parameters in
ACLD subjects, to evaluate functional recovery after ACLR and provide return to sport advice.
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Background: Anterior cruciate ligament (ACL) disruption is one of the most common inci-
dents found in knee injuries, accounting for up to 40% in sports injuries [1]. Serving as the
connective tissue which spans from the femur to the tibia, the ACL plays an important role
to stabilize joint movements by prohibiting the tibia from excessive anterior translation and
rotational movements. Hence, an injury to the ACL is expected to deteriorate knee joint stabil-
ity. Currently, clinical evaluation of knee laxity after an ACL injury mainly involves passive
tests such as Lachman and pivot shift test [1]. These passive tests are influenced by the sub-
jective perception of the assessor and do not correlate well with functional outcomes [2]. Kine-
matic measurement with the use of a motion capture system can serve as a complementary
approach to evaluate knee joint kinematic alterations in ACL-deficient patients. Convention-
ally, motion analysis system is not used in clinical settings due to their stringent requirements
e multiple camera installation, space consumption, and laborious calibration procedures. In
this study, we measured knee kinematic using Opti-Knee®, a portable and user-friendly motion
capture system (Shanghai Innomotion Inc., Shanghai, China), which was developed for clinical
use. The aim of this study is to assess the joint kinematic alterations in ACL injured patients
using a portable motion capture system during a stair descending task, which is often encoun-
tered in daily activities.
Material: A total of 12 healthy subjects and 12 ACL-deficient patients with or without concom-
itant meniscal injuries were included in this study. Tibiofemoral joint kinematics was measured
using Opti-Knee® system. The system consists of a portable workstation fitted with 1 high speed
camera and two infrared cameras approximately 50cm apart on an adjustable arm. Eight reflec-
tive markers were placed on the lateral side of the lower limb along the thigh and calf, depicting
the location and orientation of the femur and the tibia.
Method: Participants were instructed to perform the stair descending task in a reciprocal gait
pattern from a 2-step staircase with 20cm step height. The pace was synchronized to an 80Hz
beat using a metronome. Opti-Knee® was used to record coordinate data from the eight reflec-
tive markers. Before recording the motion task, simple calibration was performed to identify the
essential anatomical landmarks. Three successful trials were acquired for each subject. Knee kin-
ematics for each frame throughout the motion task was calculated from relative changes in geo-
metrical coordinates of the reflective markers compared to the calibrated femur and tibia
coordinate systems. The knee kinematics between two subsequent foot strikes of the test leg
was considered as a complete gait cycle. Paired t-test was used to evaluate kinematic variables
between both limbs within each subject group, whereas independent t-test was used to measure
side-to-side difference between two subject groups. Statistical analysis was conducted using
SPSS with significance level set at 0.05.
Results: Kinematic data for flexion/extension, varus/valgus, internal/external tibial rotation,
anteroposterior translation, and mediolateral translation were obtained and analyzed. Statistically
significant side-to-side difference in internal rotation of the tibia was found between ACL defi-
cient patients and healthy controls, with 6 out of 12 ACL-deficient patients exhibiting higher
internal tibial rotation on the injured side. No significant differences were seen in the other kine-
matic measures and in the control group.
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sytem is able to detect kinematic differences between the ACL-deficient knee and healthy knees.
A tibial internal rotation pattern was identified in ACL-deficient knees during stair descent. This
finding was in line with a previous kinematic study that reported similar kinematic outcome [3].
However, we did not find reduced extension and increased knee varus in ACL-deficient knees as
reported in the same study. This discrepancy may be due to subject heterogeneity of the current
study as subjects with meniscal injuries were included. Furthermore, no limit was imposed on
duration between injury and assessment during subject recruitment. Several of our subjects
had injury to assessment duration of over one year, which may have provided ample time to
cope well enough with the injury during the performance of low demand tasks. Stair descent
is considered a less strenuous biomechanical task as compared to other conventional tests
such as the single leg hop. This task was selected as it is appropriate for patients who refuse
or who are unable to perform the single leg hop due to apprehension or fear. Hence, kinematic
difference may not be as pronounced. Nonetheless, our results show that stair descent may be
sufficient when comparing ACL-deficient knees with uninjured knees.
Conclusion: The current study suggests that altered knee kinematics in ACL-deficiency can be
observed by using the Opti-Knee® during stair descent. Although other motion tasks may elicit
more observable changes in kinematics, stair descent is sufficient and appropriate for those who
are unable to perform more challenging tasks. The system is portable and easy to use, making it
appropriate for use in the clinical setting compared to conventional motion analysis systems.
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Background: Anterior cruciate ligament (ACL) consists of the anteromedial bundle (AMB) and
posterolateral bundle (PLB). The purpose of this study was to clarify how these bundles contrib-
ute to the knee joint stability during the Lachman test and the pivot shift test.
Materials &Methods: Twelve fresh-frozen hemi-pelvis lower limbs (6 paired) were used. Each
bundle was determined arthroscopically and the AMB or PLB was cut first and subsequently the
remained bundle was cut. The Lachman test and the pivot-shift test were performed under the
following conditions; (1) ACL-intact (n¼12), (2) AMB-cut/PLB-intact (n¼6), (3) PLB-cut/
AMB-intact (n¼6), and (4) ACL-deficient (n¼12). Each knee went through the conditions, either
(1)-(2)-(4) or (1)-(3)-(4). The anterior tibial translation (TT) during the Lachman test and the
acceleration of posterior tibial translation during the pivot-shift test (APT) were measured using
an electromagnetic measurement system.
Results: The mean TT during the Lachman test in the ACL-deficient condition was significantly
larger than those in other three conditions. No significant differences were observed among the con-
ditions, (1), (2) and (3). The mean APT in the ACL-deficient condition was significantly larger than
those in other three conditions. In addition, the mean APTwas significantly increased in the PLB-
cut (only AMB intact) condition compared with the ACL-intact group, whereas, no significant dif-
ference was observed between the AMB-cut (PLB intact) condition and the ACL-intact condition.
Discussion & Conclusions: These results suggested that both AMB and PLB contribute to the
control of TT and PLB may play a more dominant role in the control of the pivot-shift phenom-
enon than AMB.
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Background: The partial thickness tears of rotator cuff divided into bursal side tears and artic-
ular side tears. However, the differences between articular side tears and bursal side tears have
not yet been revealed sufficiently. The purpose of this study was to analyze characteristics and
clinical outcomes of the patients with articular side tears and bursal side tears.
Method: 114 patients with articular side and bursal side cuff tears treated by arthroscopic rotator
repair were the subjects of this study. There were70 females and 44 males whose average age was
58.4 years. 30 patients had history of trauma. The average duration of disorder was 35.5 weeks. 17patients were diagnosed as diabetes. On types of the tears, articular side tear was observed in 60
patients (AST group) and bursal side tear in 54 patients (BST group). Stiff shoulder (passive flexion
range of motion < 90 degrees) was observed in 37 patients. Capsular release was performed to the
patients with stiff shoulder. The clinical outcomes were evaluated on the basis of the UCLA shoul-
der score between AST group and BST group. Factors compared between AST group and BST
group were as follows; gender and age of the patients, preoperative history of trauma, duration
of disorder, diabetes, smoking, stiffness and LHB lesion. All data were evaluated statistically by
t-test and chi-square test and the significance level was set at less than 0.05.
Results: The average UCLA shoulder score of each group improved significantly postopera-
tively. There was no significant difference in postoperative UCLA score between two groups.
The rate of the patient with history of trauma in AST group was significantly higher than that
in BST group. The rate of the patient with stiff shoulder in AST group was significantly higher
than that in BST group. The other factors such as gender, age, duration of disorder diabetes and
smoking were not significantly different between two groups.
Conclusion: This study suggests that atraumatic history contributes to bursal side tears. The rate
of stiff shoulder is more frequently observed in the patients with articular side tears. However,
the patients with articular side tears can get satisfactory outcomes as well as the patients with
bursal side tears to add correct procedures such as capsular release with rotator cuff repair.
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Background: Anterior cruciate ligament (ACL) injury is a common injury of articular ligament
with an incidence rate of 91 per 100,000 individuals, among which ACL reconstruction surgery
is recommended for most of the patients hoping for a complete healing and heading back to the
sports activity. Apart from autograft and allograft ligament, artificial ligament, considered as a
promising graft in ACL surgery, is used in more than 10% ACL reconstruction surgery. Enhance-
ment strategy in Polyethylene terephthalate (PET) artificial ligament graft ligamentization is a
hot issue in sports medicine research. Estradiol has been used in osteoporosis treatment and
shows its potency in bone formation. Given the research results previously, we hypothesized
that use of estradiol may improve tendon bone healing in ACL reconstruction course.
Material and method: In an in vitro study, MC3T3-E1 murine preosteoblast cell line is cultured
with estradiol in gradient concentration and a contrast group without estradiol is cultured as well.
Cell morphology, cell proliferation rate, cell bioactivity and ossification capacity, along with
BMP-2, OPN, and OPG protein which are related with bone formation are gauged at different
time point during cell culture. In an in vivo study, we perform ACL reconstruction with PET
artificial ligament fabricated with LARS artificial ligament remnant in 24 New Zealand rabbits.
Rabbits in experimental group take subcutaneous injection of estradiol every 3 day after surgery,
while the control group take equivalent normal saline at the same time. Animals are scanned
with X-ray computed tomography 2 weeks, 4weeks, 8 weeks and 12 weeks after surgery to eval-
uate bone tunnel aperture. Phlebotomization and centrifugation are performed every week to test
serum estradiol concentration level continuously. We sacrificed one third of the rabbit at 4weeks,
8 weeks and 12 weeks separately for further study, including Micro-CT testing for bone density
around bone tunnel, biomechanical tests focusing on ultimate failure load and stiffness, histology
study with use of hematoxylin and eosin stain or Masson’s trichrome stain.
Results: In the in vitro study, the experimental group cultured with estradiol is superior to the
control group in cell morphologic and proliferation test, cell bioactivity, ossification capacity.
Western blot and Realtime-PCR revealed rises in BMP-2, OPN and OPG in estradiol group com-
pared with that of control group. The trend is consistent with the increase concentration of the
estradiol in cell culture. In the in vivo study, serum estradiol concentration goes up over time in
estradiol group while the control group results stay still. Bone tunnel diameter shrinking and
Hounsfield Unit up going are observed group over time in experimental and control group via
CT scan. The former group results excel the latter one at 8 weeks and 12 weeks with statistical
significance (P<0.05). The estradiol group species present higher ultimate failure load and stiff-
ness in biomechanical testing. Micro-CT scanning at different timing shows increase in bone
density in estradiol group which cannot be matched in that of control group. HE and Masson
staining demonstrate the scar tissue thickness is smaller in the estradiol group compared with
control group in 8 weeks and 12 weeks. Moreover, new bone tissue formation can be found
in the estradiol group via Masson staining, reflecting bone formation in the interface.
Discussion: the results verify our hypothesis previously that the use of estrogen may promote
tendon bone healing in anterior cruciate ligament reconstruction. As expected, Estrogen shows
its ossification ability in vitro, inducing bone formation associated protein up regulation as
detected in Western blot and Realtime PCR. In the in vivo study, the CT scan every 4 weeks
combined with Micro-CT shows an upward trend in bone density and a downward trend in
bone tunnel diameter and HU value as time goes by. The trend is more distinct in estradiol group
than control group, indicating estradiol may promote bone formation in tendon healing period
after ACL reconstruction. Biomechanical and stain results also support our hypothesis as shown
in the results part. Uses of estrogen in bone formation research have been reported before, but its
use in tendon to bone interference healing research lacks reports. Our job takes an intra-articular
animal model instead of extra-articular ACL model to better mimic the ACL injury and surgery
condition. Admittedly, the rise in serum estrogen concentration in estradiol group suggests that
subcutaneous injection may lead to side effect in experimental animal to some extent, we believe
that a new drug loading carrier that enables drugs like estradiol to be released at the certain loca-
tion under control for a long time will be helpful in our further research.
